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Radar coincidence imaging is an instantaneous imaging technique which does not depend on the relative motion between targets
and radars. High-resolution, fine-quality images can be obtained using a single pulse either for stationary targets or for complexly
maneuvering ones. There are two image-reconstruction algorithms used for radar coincidence imaging, that is, the correlation
method and the parameterized method. In comparison with the former, the parameterized method can achieve much higher
resolution but is seriously sensitive to grid mismatch. In the presence of grid mismatch, neither of the two algorithms can obtain
recognizable high-resolution images. The above problem largely limits the applicability of radar coincidence imaging in actual
imaging scenes where grid mismatch generally exists. This paper proposes a joint correlation-parameterization algorithm, which
uses the correlation method to estimate the grid-mismatch error and then iteratively modifies the results of the parameterized
method. The proposed algorithm can achieve high resolution with fine imagery quality under the grid mismatch. Examples are
provided to illustrate the improvement of the proposed method.
1. Introduction
Radar coincidence imaging is developed as the extension of
classicalcoincidenceimaginginmicrowaveradarsystems[1].
Classical coincidence imaging, which is realized in thermal
optical systems, is a method to nonlocally image an object
with high resolution by producing sharply fluctuating signals
i nt h ei m a g i n gp l a n e[ 1, 2]. Similarly, the essential principle
of radar coincidence imaging is to produce time-space
independent signals in the detecting area. Then radar signals
at different positions have mutually independent waveforms.
Illuminatedbysuchsignals,target-scatteringcenterswithina
radarbeamwillalsoreflectechoesofindependentwaveforms
associatedwiththeirrespectivepositions.Therefore,theecho
component of each scattering center can be extracted from
t h er e c e i v i n gs i g n a la n dt h e nc o r r e l a t e dt ot h e i rr e s p e c t i v e
positions.Consequently,scatteringcenterswithinabeamcan
beresolvedandthespatialdistributionofthetargetscattering
centers can be obtained. Obviously, it is quite different from
the radar imaging techniques based on the range-Doppler
(RD) principle, where scattering centers are resolved based
on the analysis of time-delay and Doppler frequency [3].
Because of the different imaging principles, the radar
coincidence imaging technique has two advantages over
most of the RD imaging methods. Firstly, radar coincidence
imaging does not depend on the aspect-angle integration
or the Doppler gradient to achieve high azimuth resolution.
Thus, it does not require relative motion between radars
and targets and can obtain images of the targets which
remain stationary with respect to radars. Furthermore, radar
coincidence imaging can achieve high-resolution using a
single pulse. The extremely short imaging time, which is
shorterthanapulsewidth,considerablydecreasestheimpact
of the noncooperative motion to imagery quality. Therefore,
radar coincidence imaging can obtain high-resolution, fine-
quality images either for stationary targets or for the ones in
complex maneuvers.
In radar coincidence imaging, the target area needs to be
discretizedtoagridandtarget-scatteringcentersareassumed
to be located at the grid points. If scattering centers are
located off the grid points, then the grid mismatch yields.
There are two main image-reconstruction methods used in
radar coincidence imaging. One is the correlation method
withlowerresolution.Theotheristheparameterizedmethod
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Figure 1: (a) The spatial distribution of time-space detecting signals. (b) The spatial distribution produced by coherent transmitted signals.
which can produce much higher resolution but is too sensi-
tive under grid mismatch to give recognizable target images.
Furthermore, current algorithms that are applicable to solve
thesensitivitytobasismismatchareunfortunatelyineffective
for the grid mismatch in radar coincidence imaging [4,
5]. This limitation seriously affects the applicability of the
imagingmethodinactualscenarioswherethegridmismatch
generally exists. This paper proposes a joint correlation-
parameterization method for image reconstruction which
can achieve both high resolution and good imagery quality
under grid mismatch.
The paper is organized as follows. Section 2 is devoted to
the basic principles of radar coincidence imaging. Section 3
a n a l y z e st h ei m p a c to fg r i dm i s m a t c ha n dp r o p o s e st h ej o i n t
correlation-parameterization method for image reconstruc-
tion. Section 4 concludes the work.
2. Basic Principles
Coherent signals, which are widely employed by most of
the imaging radars, generally produce detecting signals that
show significant spatial correlation, as shown in Figure 1(b).
However, the essence of radar coincidence imaging is to
produce time-space independent radar signals in the detect-
ing area. In other words, the detecting signals at different
instants or in different positions are independent of each
other. As shown in Figure 1(a), at an arbitrary instant, the
time-spaceindependentdetectingsignalsfluctuatesharplyin
the imaging plane and its instantaneous spatial distribution
presents remarkable variety.
Generally, the target location can be firstly estimated
based on the detection and localization techniques [6, 7],
which is defined as the center of the target area. Then a local
coordinate system is established in the target area center, as
shown in Figure 2.Th et a r g e ta r e ai sd i s c r e t i z e dt oag r i d
consisting of 𝐿 small rectangles of uniform size and shape.
Each small rectangle is the grid cell and is approximated
by its own center. Thus, target-scattering centers are actually
assumed to be initially located at the grid-cell centers. The
discrete target area is expressed as 𝐼={ r1,r2,...,r𝐿},w h e r e
r𝑙 is the position vector of the 𝑙thgridcellcenter.Thereare𝑁
transmittersandareceiver,whosepositionvectorsareR𝑛 and
R𝑟,r e s pecti v e l y .Th etr a n s m i t t eds i gn alo fth e𝑛thtransmitter
is denoted as 𝑆𝑡𝑛(𝑡) and the receiving signal is 𝑆𝑟(𝑡).Th e
detecting signals distributed in the target area are labeled as
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Figure 2: Geometry of the target area grid.
𝑆𝐼(r,𝑡),w h e r er is the position vector of an arbitrary grid cell
within 𝐼.
The ideal transmitted signals for radar coincidence
imaging are supposed to be group-orthogonal and time-
independent as denoted in (1), which can produce the
time-space independent 𝑆𝐼(r,𝑡) via single transmitting [1].
Consider
𝑅𝑇(𝑛1,𝑛 2;𝑡 1,𝑡 2)=∫𝑆𝑡𝑛1 (𝑡 − 𝑡1)𝑆𝑡 𝑛2 (𝑡 − 𝑡2)𝑑𝑡
=𝗿( 𝑛 1 −𝑛 2,𝑡 1 −𝑡 2),
(1)
where 𝑆𝑡𝑛(𝑡) = rect(𝑡/𝑇𝑝)⋅𝑠 𝑡 𝑛(𝑡), 𝑠𝑡𝑛(𝑡) is the envelope
function and 𝑇𝑝 is the pulse width. If the antenna number
is more than 2, for example, 𝑁=5 , the detecting signal
produced by such transmitted signals will show approximate
time-space independence [1], expressed as follows:
𝑅𝐼 (r,r
򸀠;𝜏,𝜏
򸀠)=∫𝑆𝐼 (r,𝑡−𝜏)𝑆
∗
𝐼 (r
򸀠,𝑡−𝜏
򸀠)𝑑𝑡
∼𝑁 𝗿( r − r
򸀠,𝜏
򸀠 −𝜏 ).
(2)
Then, we express the receiving signal as the superposition of
the detecting signals. Consider
𝑆𝑟(𝑡) =
𝐿
∑
𝑙=1
𝜎𝑙𝑆𝐼 (r𝑙,𝑡−
򵄨 򵄨 򵄨 򵄨r𝑙 − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
), (3)
where 𝜎𝑙 is the scattering coefficient of the scattering center
located at the 𝑙th grid cell and for the grid cell withoutISRN Signal Processing 3
target-scattering center 𝜎𝑙 =0 .F o rt h es a k eo fs i m p l i c i t y ,
the coincidence imaging formulism needs a reference signal
[1], which herein can be simply structured using 𝑆𝐼(r,𝑡)as
follows:
𝑆(r,𝑡) =𝑆 𝐼 (r,𝑡−
򵄨 򵄨 򵄨 򵄨r − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
). (4)
Consequently, (3)b e c o m e s
𝑆𝑟(𝑡) =
𝐿
∑
𝑙=1
𝜎𝑙𝑆(r𝑙,𝑡). (5)
Then, the scattering coefficient of an arbitrary grid cell r𝑥
can be explicitly obtained via the correlation between the
receiving signal and 𝑆(r𝑥,𝑡),
∫𝑆𝑟(𝑡)𝑆
∗ (r𝑥,𝑡)𝑑𝑡= ∫(
𝐿
∑
𝑙=1
𝜎𝑙 ⋅𝑆 𝐼 (r𝑙,𝑡−
򵄨 򵄨 򵄨 򵄨r𝑙 − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
))
⋅𝑆
∗
𝐼 (r𝑥,𝑡−
򵄨 򵄨 򵄨 򵄨r𝑥 − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
)𝑑𝑡
=
𝐿
∑
𝑙=1
𝜎𝑙 ⋅𝑅 𝐼 (r𝑙,r𝑥;
򵄨 򵄨 򵄨 򵄨r𝑙 − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
,
򵄨 򵄨 򵄨 򵄨r𝑥 − R𝑟
򵄨 򵄨 򵄨 򵄨
𝑐
)
∼
𝐿
∑
𝑙=1
𝜎𝑙 ⋅𝑁 𝗿( r𝑙 − r𝑥)
=𝑁⋅𝜎 𝑥.
(6)
That is,
𝜎𝑥 ∼
1
𝑁
∫𝑆𝑟(𝑡)𝑆
∗ (r𝑥,𝑡)𝑑𝑡. (7)
Note that the detecting signal 𝑆𝐼(r,𝑡) or 𝑆(r,𝑡) can be
computedbasedontheknowntransmittedwaveforms.Thus,
the scattering coefficient of each grid cell can be derived
via the correlation between the receiving signal and the
reference signal. Therefore, the target scene can be recovered
via conductingthe correlationin (7)forthewholetargetarea
grid. This method to reconstruct target images is defined as
the correlation method.
The excellent point-to-point relationship in (7)m e a n sa
high resolution, but it requires that the transmitted signals
have the perfect time-independence as presented in (1).
Unfortunately, microwave transmitted signals are far from
thisrequirementandtheirtime-independentdegreeisinade-
quatetoachievethehighresolutionrepresentedin(7)viathe
correlation method [1]. Therefore, to improve the resolution
of radar coincidence imaging, the parameterized method
is employed which is less constrained by the signal time-
independence.Thismethodusestherelationshipbetweenthe
receiving signal and the reference signal, as shown in (5),
to structure a radar coincidence imaging equation, given as
follows:
Sr = S ⋅ 𝜎,
[ [ [ [
[
𝑆𝑟(𝑡1)
𝑆𝑟(𝑡2)
. . .
𝑆𝑟(𝑡𝐾)
] ] ] ]
]
=
[ [ [ [
[
𝑆(r1,𝑡 1)𝑆 ( r2,𝑡 1)⋅ ⋅ ⋅𝑆 ( r𝐿,𝑡 1)
𝑆(r1,𝑡 2)𝑆 ( r2,𝑡 2)⋅ ⋅ ⋅𝑆 ( r𝐿,𝑡 2)
. . .
. . . ⋅⋅⋅
. . .
𝑆(r1,𝑡 𝐾)𝑆 ( r2,𝑡 𝐾)⋅ ⋅ ⋅𝑆 ( r𝐿,𝑡 𝐾)
] ] ] ]
]
⋅
[ [ [ [
[
𝜎1
𝜎2
. . .
𝜎𝐿
] ] ] ]
]
,
(8)
where 𝐾=𝐿 , S is the reference signal matrix, Sr is
the vector of the receiving signal, and 𝜎 is the unknown
vector of the scattering coefficient. The columns and the
rows of S basically represent the detecting signals in different
positions and at different instants, respectively. Hence, the
incoherent property of S is basically determined by the time-
space independence of the detecting signals. Therefore, the
independent characteristic of the detecting signal will ensure
af u l l - r a n kS. Consequently, the target scattering-coefficient
vector can be uniquely recovered as 𝜎 = S
−1 ⋅ Sr.
3. Impact of the Grid Mismatch and Image
Reconstruction
The imaging equation presented in (8) is derived under the
grid-match condition. Generally, regardless of how finely the
target area is gridded, target-scattering centers may not lie
in the grid-cell centers. Assume that there exists the grid
mismatch. The scattering-center position vector actually is
r𝑙 +Δ r𝑙 instead of the assumed r𝑙 for the lth grid cell. Thus,
the actual receiving signal is 𝑆𝑟(𝑡) = ∑
𝐿
𝑙=1 𝜎𝑙𝑆(r𝑙 +Δ r𝑙,𝑡).
Consequently, the imaging equation should be Sr =( S+𝜀𝑠)⋅
𝜎,w h e r e𝜀𝑠 is caused by the difference between 𝑆(r𝑙,𝑡)and
𝑆(r𝑙 +Δ r𝑙,𝑡).A s𝜀𝑠 and 𝜎 are both unknown variables, the
a b o v ei m a g i n ge q u a t i o nc a nb es i m p l i fi e da s
Sr = S ⋅ 𝜎 + 𝜀𝑚, (9)
where 𝜀𝑚 = 𝜀𝑠 ⋅ 𝜎 and denotes the modeling error caused
by grid mismatch. Then (9) represents the well-known linear
signal model. Thus, the actual scattering-coefficient vector
should be derived as 𝜎 = S
−1 ⋅( Sr − 𝜀𝑚).Th ep r e v i o u s
solution derived from (8) is relabeled as ̂ 𝜎.Th a ti s ,Sr = S⋅ ̂ 𝜎,
where𝜀𝑚 isneglectedbecauseofthegrid-matchassumption.
Certainly, the imaging quality of the parameterized method
will be decreased due to the modeling error.
To illustrate the grid-mismatch impact, we give an exam-
p l et os h o wh o wt h ep o s i t i o nb i a sa ff e c t st h em o d e l i n ge r r o r
and how the modeling error affects the imaging quality. In
the quantitative manner, the imaging quality discussed here
is firstly indicated by the relative imaging error, expressed
as ‖̂ 𝜎 − 𝜎‖/‖𝜎‖. Then the modeling error is normalized as
the signal-error-ratio, denoted as 𝜁=2 0log10‖Sr‖/‖𝜀𝑚‖.Th e
positionbiasisdefinedas∑
𝐿
𝑙=1 |Δr𝑙|/𝑙𝑐,where𝑙𝑐 isthegrid-cell
perimeter.
The example employs an 𝑁-transmitter 1-receiver array,
consisting of 5 antennas. The arrangement of the antennas
and the target is shown in Figure 3.Th et a r g e ta r e ai s4 ISRN Signal Processing
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Figure 3: The arrangement of antennas and the target model.
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Figure 4: The grid-mismatch impact to imaging quality of the parameterized method. (a) The imaging error versus 𝜁. (b) The imaging result
when 𝜁=2 6dB. (c) The imaging result when 𝜁=4 6dB. (d) The signal-error-ratio versus the position bias.
2m × 2m and is discretized to 40 × 40 grid cells, each
of which is 5cm × 5cm. The group-orthogonal and time-
independent transmitted signals herein are generated by
modulating the sinusoid signals on amplitude via mutu-
ally independent Gaussian noises. The carrier frequency is
9.5 GHz, the pulse width is 50 𝜇s,thebandwidthis1GHz,and
t h es a m p l i n gf r e q u e n c yi s2G H z .Th er e s u l t sa r es h o w ni n
Figure 4.
In this example, the target image in Figure 4(b) is badly
b l u r r e db e y o n dr e o r g a n i z a t i o nw h e n𝜁=2 6 dB. The target
image in Figure 4(c) is recognizable when the imaging error
is 0.9, which requires that 𝜁 should not be lower than 46dB.
It demonstrates that the parameterized method has a low
tolerance to the modeling error. A recognizable image with a
smallimagingerr orr equir esasmallmodelingerr ororahigh
signal-error-ratio.Thenthequestionis“willthepositionbias
generallyproduceahigh-levelsignal-error-ratiotoguarantee
low imaging error?” Unfortunately, as shown in Figure 3(d),
even a very small position bias of 0.001 in this example can
cause a large modeling error, which only provides 20dB
single-error-ratio. Moreover, the position bias less than 0.02
will generate a negative 𝜁. It shows that the modeling error
is seriously sensitive to the position bias. The position bias of
0.04 can cause −4dB signal-error-ratio in radar coincidence
imaging equation, with no mention of a much larger bias
in practice. In this case, modeling error almost overwhelms
the receiving signal in the imaging equation. The experiment
indicates that the recovery, simply depending on the imaging
equation, might impossibly provide a good estimation under
such a poor signal-error-ratio condition.
Consider another example to compare the correlation
method with the parameterized method under grid mis-
match.Intheexample,targetimageswillbereconstructedvia
thetwomethodswithandwithoutthegridmismatch.Herein,
the grid mismatch leads to 𝜁=− 4 dB. Imaging results are
shown in Figure 5.ISRN Signal Processing 5
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Figure 5: The imaging results recovered by different methods. (a) The correlation-method result without grid mismatch. (b) The
parameterized-method result without grid mismatch. (c) The correlation-method result when 𝜁=− 4 dB. (d) The parameterized-method
result when 𝜁=− 4dB.
As shown in Figure 5, the parameterized method pro-
vides higher resolution than the correlation method in the
case of no grid mismatch. On the other side, when 𝜁=
−4dB, the imaging quality of the correlation method is
almost unchanged but the parameterized-method result gets
degraded and almost gives no information on the target
shape. It is obvious that the correlation method is less sen-
sitive to the modeling error than the parameterized method
but has much lower resolution.
In conclusion, neither of the two image-reconstruction
methods can achieve both high resolution and good imaging
quality in the presence of grid mismatch. According to their
respective limitations, there are two ways to solve the image
reconstruction under grid mismatch. One way is to improve
the resolution of the correlation method. The other one
is to decrease the grid-mismatch impact in the parame-
terized method. As stated previously, however, microwave
signal does not have adequate time-independence in nature,
resulting in a limited resolution. Thus, the latter might be a
possible way to solve the problem of grid mismatch.
A direct idea to decrease grid-mismatch impact in the
parameterizedmethodistoestimatethemodelingerror .Note
that the modeling error is relevant to the scattering center
number, scattering intensity, and the position-bias level of
all scattering centers. If there is no prior information of the
target shape, the modeling error will be quite difficult to
estimate. Then for the targets that are unknown in advance,
the obtainable shape information could be sought from the
imaging results of the two reconstruction methods. Thus,
a possible source to provide the desired knowledge would
be the correlation-method result, considering the seriously
distortedimagesoftheparameterizedmethodcausedbygrid
mismatch.
The knowledge that can be used by the imaging equation
should be quantitative and precise. However, the result of
the correlation method, as observed in Figure 5,p r e s e n t sa6 ISRN Signal Processing
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Figure 6: The imaging results of the joint correlation-parameter method. (a) The imaging result of the first iteration. (b) The imaging result
of the second iteration. (c) The imaging result of the third iteration.
Table 1: The flow of the joint correlation-parameterization method.
Step1 Set the iteration step maximum 𝑇max and the stop limitation 𝜂, 𝑘=0 .
Step2 Discretize the target area and compute the reference signal.
Step3 Obtain the scattering-coefficient vector ̂ 𝜎𝑐 using the correlation method.
Step4 Set a threshold 𝜎𝑇 to determine Λ={ 𝑙 1,𝑙 2,...,𝑙 𝑀},w h e r ê 𝜎𝑐(𝑙𝑚)<𝜎 𝑇.
Step5 Compose the coincidence imaging equation. Obtain the initial estimation ̂ 𝜎
(𝑘) using the parameterized method. Set Sr
(𝑘) = Sr.
Step6 Compute the inverse matrix of the reference matrix S, and then according to Λ obtain S
−1
Λ =[ 𝗼𝑙1,𝗼𝑙2,...,𝗼𝑙𝑀]
𝑇.
Step7 Derive ̂ 𝜎
(𝑘)
Λ =[̂ 𝜎
(𝑘)
𝑙1 , ̂ 𝜎
(𝑘)
𝑙2 ,...,̂ 𝜎
(𝑘)
𝑙𝑀]
𝑇.
Step8 Compute the modeling noise ̂ 𝜀
(𝑘)
𝑚 = S
†
Λ̂ 𝜎
(𝑘)
Λ , 𝑘=𝑘+1 .
Step9 Update the scattering-coefficient vector as ̂ 𝜎
(𝑘) = S
−1(Sr
(𝑘−1) − ̂ 𝜀
(𝑘−1)
𝑚 ).
Step10 Stop if
򵄩 򵄩 򵄩 򵄩 򵄩̂ 𝜎
(𝑘) − ̂ 𝜎
(𝑘−1)򵄩 򵄩 򵄩 򵄩 򵄩 ≤𝜂or 𝑘≥𝑇 max.O t h e rw i s eSr
(𝑘) = Sr
(𝑘−1) − ̂ 𝜀
(𝑘)
𝑚 ,a n dg ot oS t e p7 .ISRN Signal Processing 7
blurry target shape. The image cannot precisely indicate the
target scattering-center location or provide the exact value
of the scattering coefficient. Nonetheless, it indeed provides
valuable information. That is, the correlation-method result
can denote part of the grid cells which do not contain target-
scatteringcenters.InFigures5(a)and 5(c),o nl yamino ri tyo f
imagepa tches,whichconstitutethetargetcon tour ,ha velarge
values. By contrast, a majority of other image patches have
far too small values, which implies the corresponding grid
cells have no scattering centers. Hence, these corresponding
elements in the scattering-coefficient vector are estimated to
be zero. Such quantitative knowledge will be helpful for the
estimationofthemodelingerror.Detailedimplementationof
image reconstruction using the idea will be described in the
following paragraphs.
Firstly, still under the grid-match assumption, we esti-
mate the target scattering-coefficient vector via the two
reconstruction methods: ̂ 𝜎𝑐 is derived via the correlation
method and ̂ 𝜎 is obtained via the parameterized method.
According to Sr = S ⋅ ̂ 𝜎 and (9), we have the following
relationship:
S ⋅ ̂ 𝜎 − S ⋅ 𝜎 = 𝜀𝑚 򳨀→ ̂ 𝜎 − 𝜎 = S
−1𝜀𝑚, (10)
whereS
−1 iswrittenas[𝗼1,𝗼2,...,𝗼𝐿]
𝑇,𝗼𝑙 beingthe𝑙throw-
vector of S
−1.Th en e x ts t e pi st os e l e c tt h eg r i dc e l l sw i t h o u t
scattering centers according to ̂ 𝜎𝑐.I nc o m p a r i s o nw i t ht h e
average value of ̂ 𝜎𝑐,p a rto fth ee l e m e n t si n̂ 𝜎𝑐,wh i c hh a v ef a r
too small values, are determined to be 0. The index of these
zero-elements is denoted as Λ={ 𝑙 1,𝑙 2,...,𝑙 𝑀};t h a ti s ,𝜎𝑙𝑚 =
0,𝑙𝑚 ∈Λ .AccordingtoΛ,wedefineS
−1
Λ =[ 𝗼𝑙1,𝗼𝑙2,...,𝗼𝑙𝑀]
𝑇,
̂ 𝜎Λ =[ ̂ 𝜎𝑙1, ̂ 𝜎𝑙2,...,̂ 𝜎𝑙𝑀]
𝑇,a n d𝜎Λ =[ 𝜎 𝑙1,𝜎 𝑙2,...,𝜎 𝑙𝑀]
𝑇.B a s e d
on (10), we have
̂ 𝜎Λ − 𝜎Λ = S
−1
Λ ⋅ 𝜀𝑚. (11)
As𝜎Λ = 0,finallŷ 𝜎Λ = S
−1
Λ ⋅𝜀𝑝.Therefore,themodelingnoise
is estimated as
̂ 𝜀𝑚 = S
†
Λ̂ 𝜎Λ, (12)
where S
†
Λ is the pseudoinverse matrix of S
−1
Λ .B ys u b s t i t u t i n g
̂ 𝜀𝑚 to(9),thenewtargetscattering-coefficientvectorobtained
is
̂ 𝜎
(1) = S
−1 (Sr − ̂ 𝜀𝑚). (13)
If the result remains unsatisfactory, we can repeat the
computation of (12)a n d( 13)u s i n gt h en e ŵ 𝜎
(1) and ̂ 𝜀𝑚.Th a t
is, update the receiving signal as Sr
(1) = Sr − ̂ 𝜀𝑚.Th e n
derive ̂ 𝜎
(1)
Λ according to Λ and update the modeling error as
̂ 𝜀
(1)
𝑚 = S
†
Λ̂ 𝜎
(1)
Λ . Finally, the estimation is updated as ̂ 𝜎
(2) =
S
−1(Sr
(1)−̂ 𝜀
(1)
𝑚 ).Theupdatecanbeperformediterativelyuntil
t h er e s u l ti ss a t i s f a c t o r y .Th i si m a g e - r e c o n s t r u c t i o nm e t h o d
using both the correlation method and the parameterized
method is defined as the joint correlation-parameterization
method. The detailed steps are given in Table 1.
To examine the correlation-parameterization method,
target images are reconstructed according to the iteration
process of Table 1,w h e r et h eg r i dm i s m a t c hi st h es a m ea s
that in Figure 5(d). The imaging results are given in Figure 6.
As shown in Figure 6, a high-quality target image can
be obtained through three iterations. The result of the first
iterationhaspresentedthetargetcontour,thoughthecontour
is light and the imaging error remains remarkable. After the
second iteration, the imaging quality is largely improved. By
contrast, the imaging quality of Figure 6(b) is much better
than the result in Figure 5(d). The third iteration maintains
the good imagery quality. Therefore, two iterations actu-
ally give a high-resolution and fine-quality target image. It
indicates that the joint correlation-parameterization method
satisfies the requirement for both the resolution and the
robustness in the presence of the modeling noise caused by
grid mismatch.
4. Conclusions
Radar coincidence imaging can achieve excellent high-
resolution target images on the condition of grid match,
but the imagery quality gets degraded beyond recognition
in the presence of the modeling error caused by grid mis-
match. Therefore, the paper proposes the joint correlation-
parameterization method for image reconstruction. The
proposed algorithm iteratively modifies the parameterized-
method result with the estimated modeling error, which is
obtained based on the correlation-method result. Conse-
quently, the grid-mismatch impact on the imaging quality
is considerably reduced. The example shows that the joint
correlation-parameterization method can achieve high reso-
lution and maintain the robustness under grid mismatch.
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